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Abstract. In this paper are presented the results of some research made to obtain cellular lines 
tolerating salinity from embryogen callus and non embryogen red clover, from the di- and tetraploid 
genotypes to verify if the potential mutants, shown by us, may manifest some salinity tolerance. Our 
studies aimed both untreated biological material and chemical mutagens (DES and DMS). 
It was observed that salty environment influences in a negative way the development of callus 
by decreasing growth and by necrosis appearance on areas more or less extended. 
Under the aspect of the genotype reaction towards the salinity, the tetraploid cultivar has 
proved more tolerant, compared to the diploid one. 
At a concentration of 0,5% NaCl the percentage of survival of the red clover callus is of 
53,2% at Napoca-tetra cultivar, 23,4% at Apollo-tetra and 23,4% at Roxana diplod, respectively 
21,0% at Select. At the concentration of 1,0% NaCl the callus growing is strongly inhibited, up to 
19,3% at Napoca-tetra, 17,4% at Apollo-tetra and 4,3 and 3,2% at Roxana (2n), respectively Select 
(2n). 
Following the genotypes behavior of red clover, which are potential mutants, resulted after the 
treatment with DMS and DES, pointed out positive reaction of the obtained callus at these plants, on 
medium culture with 0,5% NaCl. 
The transfer of callus on culture medium with NaCl 1,0% points out also a growing of the 
callus surface, but in a low percent, especially at Roxana cultivar (2n). 
 




The creation of genotypes resistant at salinity is very important in agricultural practice. 
In this way it has to be mentioned that in the traditional areas of red clover culture, large 
agricultural zones are found in that the process of raising the salt concentration of the soil is 
big, causing relative low productions. 
Speaking of that, to extend red clover culture on this type of lands, with the good effects of 
this plant on soil, it would be interesting finding some genotypes with a big spare of 
resistance at salinity. 
Our paper pointed on finding red clover genotypes, starting from in vitro cultures and 
some possible obtained mutants, tolerated at high concentrations of NaCl. 
The resistance of foddered vegetables, respective red clover at high concentration of the soil 
of NaCl, makes an important object of the amelioration papers, but the realization of some in 
vivo studies is very difficult because of the complex interactions that are between the vegetal 
system and environmental factors (GOSAL and BAJAJ, 1984).  
The tolerance of amelioration at salinity with conventional methods becomes more 
difficult because of the longer time, high cost and low efficiency of these papers (JAIN and 
colab., 1990). 
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In vitro selection at cellular level is appreciated as an alternative method for producing 
tolerant genotypes at high concentrations of NaCl (HARMS and OERTLI, 1985). Among the 
advantages of this method, a special importance has the possibility of assurance of some strict 
controlled environmental conditions, as the genotypes identification appears with a very low 
frequency (GONZALES and WINDOLM, 1985).  
 
MATERIALS AND METHODS 
 
In this paper are presented the results of some research made to obtain cellular lines 
tolerating salinity from embryogen callus and non embryogen red clover, from the di- and 
tetraploid genotypes to verify if the potential mutants, shown by us, may manifest some 
salinity tolerance. Our studies aimed both untreated biological material and chemical 
mutagens (DES and DMS). 
The vegetal material used was made of red clover type diploid Roxana and Select 1 
and tetraploid Napoca –tetra and Apollo –tetra, which capacity of regeneration was tested. 
The induction and subculture of callus were made after the method described by MIHAELA 
CIALACU and VARGA (1994), using base culture Murashinge-Skoog (1962). 
For in vitro selection were used MS medium supplementary with 2,0 mg/l 
Naphticelatic Acid (ANA) and Sodium Chloride (NaCl) 0,5% concentration (86 mM), 
respective 1,0% (171 mM). Salt medium was apportion in Petri pots with Ø=60 mm. 
For assuring the exposure of a big number of cells at the stress factor it was adopted a method 
(modified after BLUM, 1998) of cell’s culture in thin layer. 
For each experimental variant were inoculated about 100 callus with an area of 30-40 
mm2 and height of 1mm (Fig.1) With preliminaries explores it as estimated the weight of 
some callus at 120 mg. 
Developing callus on selective medium was made with the help of an indirect method 
stipulated by DIXON (1985) which consists of measuring the callus area viable transferred at 
each passage. 
After four weeks, the callus sectors that continued to grow up on the 0, 5% NaCl 
medium were transferred on the 1, 0% NaCl medium, calculating at each passage the survival 
percentage. 
 





Fig.1 Development of red clover embryogenic callus of media containing  
0, 5% NaCl at Select (a), Roxana (b), Napoca-tetra (c) 
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The mechanisms that permit plants to support more or less higher concentrations of 
Sodium Chloride (NaCl) are very different. This aspect remarks especially at glicofit plants 
that have variable layers of tolerance. Some mechanisms of tolerance manifest at the cell layer 
and can be in vitro selection. 
The excess of salt has comparative effects with drought effect in the way that the 
present ions in the medium reduce root water availability .The competition between ions can 
also involve a deficit of indispensable elements like Calcium and Potassium. 
So the salinity tolerance can be of different nature. The presence of organic 
compounds like sugars, prollne, sorbitol, glycerol, etc. can equilibrate internal and external 
osmotic pressure. 
It is also possible to take place mutations at gene’s layer that are implicated in salinity 
tolerance. 
In the case of red clover it was seen that the salt medium culture influence the callus 





Fig.2 Development of red clover callus, on saline media with 1% NaCl 
 
From the data presented in Tab. 1 there can be seen the differences of response at the 
in vitro stress, caused by genotype as the NaCl concentration. 
From the comparison of the two genotypes of different level of ploidy it remarks the fact that 
the tetraploid types manifest a higher tolerance than the one at salinity, comparative with 
diploid genotypes. The differentiation in the favor of tetraploid shape it can be counted on the 
superior heterogeneity of those accordingly a better survival capacity of genotypes callus 
comparative with the one of diploids. At the level of studied genotypes it can also be seen a 
genotypic differentiation between the types that belong to the same ploidy valence. 
In the case of tetraploid types, a superior behavior in what matters salinity tolerance, 
manifests Napoca-tetra type, comparative with Apollo-tetra. Regarding diploid shape a more 
tolerant behavior at salinity manifests Roxana type against Select type, but on the whole the 
two diploid types are less tolerant that the tetraploid.  
Making evidently the existent diferentiations at the intra and interpopulational  layer 
distinguishes the big genetic variability manifested by red clover, situation favorized by 
finding in the populations of some interests genes, under the aspect of resistance at stressing 
factors. 
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From the data presented in table 1 it is shown that at a 0,5% NaCl concentration the 
survival procentage of callus at red clover  is maximum 53,2% in the case of  Napoca –tetra 
type,43,5% at Apollo –tetra, 23,4% at Roxana diploid, and 21,0% at Select. 
At the 1,0% NaCl concentration  the growth of callus is strong inhibited until 19,3%  
at Napoca –tetra, 17,4% at Apollo –tetra and 4,3 and 3,2% at Roxana, respective Select 1. 
It has to be mentioned the fact that the resulted plants from the callus that manifested a 
tolerance at salinity weren’t tested in vivo, the presented data represents just a set of 
information involving resistance at cellular layer against salin stress. 
Napoca-tetra type, that manifested the best tolerance at saline stress in vitro, 
distinguishes that moreover  the other tested types have a low embryogen potential, and the 
cellular tolerated lines obtained behind the selection process are callus of non-embryogen 
type.  
For testing the red clover tolerance at saline stress we followed the callus reaction 
obtained from two types with different degree of ploidy, Napoca-tetra and Roxana resulted 
from the plantules considered potential mutant  behind the effectuated treatments with 
chemical mutagens DEM and DMS. The effectuation of  these observations  was made with 
the hope of finding some mutant gene that could imprint a more obvious salinity tolerance, 
tolerance that could be confirmed in vivo conditions too.The results are presented in Tab. 2. 
Tab. 1 
Development of red clover callus media containing different NaCl concentrations 
 
Genotype No callus 
NaCl concentration 
Control 
(without NaCl) 0,5% 1,0% 
mm2 % mm2 % Mm2 % 
Napoca-tetra (4n) 95 4136 100 2100 53,2 798 19,3 
Apollo-tetra (4n) 95 3210 100 1396 43,5 659 17,4 
Roxana (2n) 98 3024 100 942 23,4 130 4,3 
Select (2n) 97 2827 100 594 21,0 90 3,2 
 
Tab. 2 
Development of red clover callus originated from probably mutant plants, on medium containing  
different NaCl concentrations 
 
Genotype No callus 
NaCl concentration 
Control  
 (without NaCl) 0,5% 1,0% 
mm2 % mm2 % mm2 % 
Napoca-tetra (4n) 75 4023 100 4526 112,5 4328 109,8 
Roxana (2n) 75 3065 100 3364 109,3 3136 102,3 
 
The long-expected mutants are rare; they are isolated, fact that implicates finding a 
proper method for there deceleration (SAVATTI and contrib., 2004).Our work, of red clover, 
probably mutant can be verified with his reaction at salinity tolerance. 
After individualizing plants with different morphological modifications in M0-1, it is 
indicated that the entire presumptive mutant plants to be studied in M1, because the plants 
from the first generation M0 have a strong chimer character. 
The results inserted in table 2 show an interesting fact under the aspect of a positive 
reaction of salinity tolerance for possible mutants M0-1, especially in the variant in which the 
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NaCl concentration in the media culture was 0,5%. This fact was betrayed by the growth of 
callus culture areas, with 12, 5% at Napoca-tetra (4n) level type and Roxana (2n), 9, 3%. The 
transfer of callus that made a growth on the media culture, in which was NaCl with a 
concentration of 0,5%, on the media culture with a concentration of 1,0% shows on this last 
case too, a growth of the callus area, but in lower percentage, especially in the case of  
Roxana (2n) diploid type. 
Making this desideratum looks like being difficult because of the problems concerning 
regeneration of plants from tolerant cellular lines, fact seen by CONG LI (1983) and HAU-
ZU and contrib. (1990).Because of this it was tried another experimental approach , which 
consisted of exposure the somatic embryo at stress factors (Tab. 3).  
From the shown data in table 3 it can be seen that the saline media (1,0% NaCl) 
determines the death of more than 90% of cultivated somatic embryos,  however existing a 
small percentage which survive.  
Tab. 3 





nr. % nr % 
Napoca-tetra (4n) 83 100,0 6,0 7,8 




It looks like the “sifter” of sorting the possible mutants with tolerance at salty stress 
constitutes the NaCl concentration of 1,0%.This reason will stay valid only after a verification 
in M2 (plants resulted from seed), for having certainty. 
Many authors propose using selection at cellular level for finding out the somaclonal 
variation obtained through in vitro culture (JAIN and contrib., 1991; KIRTI and contrib.., 
1981; Mc CAY and contrib., 1987). 
Combining this work method using somatic embryo from plants that are considered 
potential mutant, after the treatment with chemical mutagen factors could consist of an 
experimental variant for identifying salinity tolerant genotypes. 
Because the resulted tests concerning somatic red clover embryogenesis made possible 
the identification of potential embryogen genotypes it would be interesting continuing 
initiated researches concerning in vitro selection of possible salinity tolerant mutants (fig.3). 
Tolerant cellular lines as the regenerate plants from these, represent a very special 
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Fig.3 Embryogenic ability of some di- and tetraploid red clover cultivars: 
Select 1, Roxana, Napoca-tetra, Apollo-tetra 
 
The obtained results and data, against the total absence of red clover information, 
require thoroughgoing study, research for the identification of genotypes with grown 
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